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was causing so much damage that he secured no income from his
investment, and finally sold the property at a loss.

PRESIDENTP. J. PARROTT: The next paper, entitled "Notes on the
Life History, Distribution and Efficiency of the Egg Parasite of the
Chinch Bug," will be presented by Mr. J. W. McCulloch.

A PARASITE OF THE CHINCH BUG EGG

By JAMES 'V. MCCOLLOCH, Assistant Entomologist, and H. YUASA, Student Assistant,
Kansas State Agricultural College

INTRODUCTION
Probably very few insects have received the attention from ento-

mologists that the chinch bug has. Without a doubt the chinch bug
is the mo'st serious pest with which the farmers of the grain belt have
to contend, and the amount of damage done by it in the last
sixty years reaches into the hundreds of millions of dollars. Every
experiment station in the area mentioned has at some time carried on
investigations relative to the chinch bug, and it has been thought
that the life history and economy of this insect was well understood.

Of all the staple crop insects, the chinch bug has been the only
one for which there is no insect parasite. Prof. F. M. Webster1 says
"there may sometimes appear hymenopterous parasites of the eggs,
but we have as yet no proof of the existence of such in this country,
and only suspect the possibility of such a phenomenon because other
allied species have similar enemies, which destroy their eggs." In
April, 1913,. the writers collected chinch bug eggs in the field which
bore signs of parasitism, and later parasites were bred from these
eggs which Mr. A. B. Gahan, entomological assi.stant, United States
Bureau of Entomology, has described under the name Eumicrosoma
benefica-..

HISTORYOF DISCOVERY
In the course of a series of experiments conducted by the department

of entomology of the Kansas State Agricultural College on the life
history of the chinch bug, a large number of eggs were collected
in ~he field to determine the first appearance of young bugs and the
mortality of the eggs. The eggs, which were collected at different
intervals and in different localities, were examined daily. While
thus examining the eggs it was noticed that some of them were becoming
dark in color instead of assuming the usual red coloring. These eggs
were isolated and on Ma,y 19 there emerged from them three parasites.

1 Bul. 69, U. S. Bur. of Ent.
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CLASSIFICATION AND ORIGINAL DESCRIPTION

Eumicrosoma benefica Gahan is a very minute insect belonging to
the hymenopterous family Proctotrypidru and to the sub-family Tele-
nominru. Mr. Gahan 2 has erected a new genus and species for this
insect. He places the genus near Tiphodytes but readily separates it
from that genus by antennal and venational characters. The follow:
ing technical description of the species is taken from Mr. Gahan's
paper:

FEMALE-Length .75 mm. Head from above more than twice as broad as long
antero-posteriorly, the vertex faintly sculptured, face perfectly smooth and polished,
the region below the eyes faintly punctured; antennal scape not quite reaching the
front ocellus; pedicel longer than joints one and two of the funicle combined; funicle
five-jointed, the joints sub-equal, not longer than broad; club four-jointed, joint one
much larger than the last funicle joint, but smaller than the following club joints
which are equal and sub-quadrate. Mesoscutum faintly reticulated anteriorly, the
disc perfectly smooth and highly polished with a very few small round punctures;
scutellum, postscutellum and true metanotum smooth without punctures; propodeum
as described; anterior margin of the forewing to the apex of the venation with only a
few short marginal cilia, beyond with long cilia, the longest being twice the width of
the wing. First segment of the abdomen nearly twice as broad as long with coarse
longitudinal strire, second segment similarly striate at base and much more faintly
so beyond to the apex.

Head and thorax shining black. Antennre, palpi, legs including coxre and the
whole abdomen reddish yellow. Antennal pedicel and club slightly fuscous.

MALE-Antennre fuscous, sub-moniliform, without a distinct club; pedicel globose,
thicker but not longer than the first funicle joint; funicle joints one, two and three
slightly larger than the following; apical joint of the club as long as the two preceding
joints combined; abdomen a little shorter than in the female and distinctly fuscous
on the apical half. Otherwise like the female.

LIFE HISTORY SUMMARY OF ORIGINAL HOST

The life history of the chinch bug is so well known that it will only
be necessary to give a very brief outline of it as it occurs under Kansas
conditions. The chinch bug is found in all parts of Kansas, except
in the extreme. western counties. The adult bugs emerge from hiber-
nation during the first weeks of April and eggs are found from the last
of April to the first of July. The first brood reaches maturity during
the early part of July and the eggs of this brood are found from the
middle of July until October. The second brood begins to reach
maturity about the last of August, although the majority do not reach
maturity until the middle of September. These adults migrate to

• A large number of specimens of the parasite were sent to Mr. A. B. Gahan, ento-
mological assistant, United States Bureau of Entomology, for describing. A full
description of the genus and species appears in the Proceedings of The United States
National Museum, vol. 46, pp. 442-43.
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the grasslands where they pass the winter in the clump-forming grasses.
The period of oviposition of the adults occupies the entire summer and
with the exception of a week or two in July, eggs may easily be found
in the field from the last of April until the first of October.

THE EGG OF 'l'HE PAllASITE
DESCRIPTION-The eggs of the parasite have never been observed

after they were deposited in the host's egg. Ovarian eggs or ova were
examined many times. There never were found more than thirty
ova in a female and these were grouped together in the ovary, their
blunt ends towards the apex of the ovary and their tail-like portion
bent around in every direction. Judging from the comparative size
of the ova, the matured ovum is spatulate in shape with ovate body
which tapers into a long stalk. The opposite pole tapers gradually
and ends in a blunt point. The ovum, on an average, measures from
.07 to .09 mm. in length and from .02 to .03 mm. in width. The
stalk is about two fifths of the entire length and is slender and cylin-
drical. The micropyle is located at the tip of the stalk. The ovum
is nearly transparent and the granular character of the cytoplasm is
plainly visible. The nucleus, which is comparatively large, is located
as a rule near the blunt end of the ovum.

LENGTHOF EGGSTAGE-SO far it has not been possible to find the
egg of the parasite in the host, and so the exact length of the egg stage
has not been determined. However, the very young larva has been
found shortly after it has hatched, and thus the time between oviposi-
tion and the time the young larva was first seen varies from two days
to about a week.

THE LAllVA OF THE PARASITE
DESCRIPTION-Sinceit has not been possible to get the larva of the

parasite out of the host's eggs, a detailed description cannot be given
at this time. Looking at it through the shell of the host it appears
oval in shape and the segmentation is very indistinct. As the larva
grows the body contents become plainly visible.

LENGTHOF STAGE-The length of the larval stage varies with the
climatic conditions. Although during the summer the growth is very
rapid and the stage may be passed in from five to seven days, it may
range from ten to fifteen days. In one case a larva shortly after hatch-
ing measured .12 mm. in length and nine hours later it measured almost
.6 mm. The growth of the larva occurs practically altogether during
the day time.

FEEDINGOF THE LARVA-JUst how the food enters the larva has
not been determined, but after it gets within the body it is constantly
churned back and forth by contractions of the body. These contrac-
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tions may start from either end of the body and move to the other end.
There are about three contractions starting from the anterior end to
two from the posterior end and there are about two contractions per
minute.

THE ADULTPARASITE
EMERGENCE-In emerging the parasite cuts a zigzag opening, by

rasping and tearing with the mandibles, around three fourths of the
anterior end of the egg. Then by pushing with the abdomen and legs
the cap is pushed back with the head. The head is thus forced out
and the parasite feels around with its antennre. Then by continually
working the legs within the shell and by extending its abdomen back
to the posterior end of the shell it finally gets the front legs free. Then
by pulling with the front legs and pushing as before it gradually works
the rest of the body free from the shell. The time of day when emer-
gence occurs varies with the temperature. During the spring when the
temperature at night fell below 50° or 60° F., the emergence occurred
between 9.00 a. m. and 9.00 p. m. From June 2 until September 8
when the temperature at night was above 55° or 60° F. the emergence
occurred for the most part between 9.00 p. m. and 9.00 a. m. From
September 8 on with temperature conditions the same as in the spring
the emergence occurred during the day.

RELATIONANDECONOMYOF SEXEs-In a number of experiments
conducted to determine the relation and economy of sexes it was found
that where a male is supplied to each female a higher percentage of
parasitism was obtained. It was also found that a greater number of
parasites reached maturity under these conditions. Table I gives
the results of these experiments:

TABLE I.-SHOWING THE RELATION AND ECONOMY OF THE SEXES

N f Tr' I N f F I I N ~M I Ave. per ~nt of eggs IAve. p;rcent.of Mor-.~:..: " :=·"I";·m P~i'OO I ~" mE~~
8 3 1 26.1 38.9
1 4 I 1 12.5 100.
1 5 1 7.5 33.3

4 1 I 2 37.3 I' 25.3
1 1 3 25. 50..

Ave. No. Eggs Parasit·
ized per Female

5.9
6.2
4.7
1.9
.5
.4

6.
2.

NUMBEROFEGGS-It was not possible to determine with any degree
of accuracy the number of eggs a female could deposit. Nineteen
individual females parasitized an average of 6.2 eggs; seventy-six
females of the first generation parasitized an average of 4.1 eggs;
sixty-three females of the second generation parasitized an average
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of 3.7 eggs; thirty-one females of the third generation parasitized an
average of 3.7 eggs. The largest number of eggs parasitized by a.
single female was 13.

Twenty-nine females, that had not been allowed to oviposit, were
dissected and the number of eggs in the ovaries counted. The smallest
number of eggs found was 13, and the largest 29, while the average
was 22.8.

PROPORTIONOF SExEs-The number of females greatly exceeds
the number of males both in the field and in the laboratory. Of fifty-
one parasites collected in the field, forty-seven were females, and of the
786 parasites bred out in the laboratory, 512 were females. The
number of females bred out in the laboratory is low because of several
cases of parthenogenesis in which case the parasites obtained were all
males. On an average about 70 to 75 per cent of the parasites ob-
tained in the laboratory were females.

PARTHENOGENESIS-This insect can breed parthenogenetically, but
the number of eggs parasitized per female was usually low, and many
of the offspring failed to develop. Fifteen trials were made with
unfertilized females, and in four cases no oviposition was noticed.
Of the 120 eggs parasitized by unfertilized females 50 failed to reach
maturity. Seventy parasites were bred out and 66 of them were
males.

HABI'l'SIN THEFIELD-The short existence of the adult is occupied
in constant activity during the day in hunting for mates, and ovipos-
iting. Feeding, if any, requires a very short time, and the main part
of the insect's life is directed towards reproduction. In the wheat
fields the parasites were always moving about on the plants near and
below the surface of the ground. Unless disturbed, the adults sel-
dom take to the wing. Generally only one parasite was found at a.
time, but occasionally two or more were found in a very small area.
Although it seems probable that they spend their lives in comparatively
limited areas, they also distribute themselves to a greater extent than
might be expected. It is probable that the wind aids greatly in this.

FOOD-The parasites were never observed to feed in the field, but
in the laboratory they fed readily on the sweetened water supplied
them.

FLIGHT-The flight of this insect is by short jerky flights. Just
how far they may fly at one time has not been determined. They
have been observed to fly from a leaf of corn five feet from the ground,
but from here the flight could not be followed. In the laboratory the
flights were generally short, covering only a foot or two.

EFFECT OF OVIPOSITIONIN DIFFERENTS'l'AGESOF THE EGG-The
parasites seem to prefer those eggs in which the chinch bug embryo
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had not yet begun to show the reddish color. In several experiments
in which parasites were introduced to red eggs, there was only one
case where the parasite developed and destroyed the embryo. Of the
eggs collected in the field, only four red eggs were found that later
gave up parasites.

HOST RELATIONs-In all of the experiments, the chinch bug egg
was the only one in which this parasite would oviposit. A number of
experiments were conducted in which parasites were given eggs of
false chinch bugs, and other hemipterous eggs, but no parasitism oc-
cUlTed.

LENGTHOF ADULTLIFE-Owing to the fact that the adults were
kept in small vials and without food, there is little doubt but that
the length of life was greatly shortened. The length of life varies
greatly, ranging from a few hours to twenty-five days. Temperature
has much to do with the length of the adult life. During the spring
the adults live on an average of about 93 hours. From June 9th to
September 1st the average was from 40 to 60 hours, and after Sep-
tember 1st the average was considerably over 100 hours, in some
cases reaching 350 hours.

Food also plays a large part in the length of life, and the more often
the parasites are fed the greater the length of life. Table II shows the
results of feeding parasites.

TABLEII.-SHOWINGEFFECTOFFOODONTHELIFEOFTHEFEMALE

Fed Chack
----------c---------- -·I------~- ----

No. of Parnsitcs

3
2
3
5
1

Times fed

1
2
3
9

12

Av. Length of Life

74 hours
75t "
115 "
264 "
414 ••

No. of Parasites

4
3
4
7
3

Av. Length of Life

33.4 hours
54.3 "
54.2

102.8 "
152.3 ••

--------'------'-------'------- ----------- ----------

LENGTHOF LIFE CYCLE

The length of the life cycle was found to vary with the temperature.
The average time between the collection of chinch bug eggs and the
emergence of the parasites in May and June was 13.9 days for 81
individuals.

The average length of the life cycle for the second generation was
14.3 days; for the third generation 11.9 days and for the fourth genera-
tion 9.9 days. Owing to the scarcity of chinch bug eggs at this time,
it was impossible to continue the brood study for about two weeks.
From the last of July to the first of September 249 parasites were bred
from eggs collected in the field, and the average time between collec-
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tion and emergence was 9.8 days. The average length of the life cycle
for the sixth generation was 15.2 days; for the seventh generation 17.6
days, and for the eighth generation 27.8 days. Table III gives the
brood study.

TABLE III.-8HOWING THE AVERAGE LENGTH OF THE LIFE CYCLE

Brood Souree of Material

1 I Eggs collected in field
2 From 1st brood
3 From 2d brood
4 From 3d brood
5 Eggs collected in field
6 From 5tb brood
7 From 6tb brood
8 From 7th brood

Date

4 28-5 27
5 20-6 24
6 5-6 13
6 20-6 24
7 19-9 6
7 28-9 3
8 1&-9 7
9 1-9 14

No. Parasites

81
61
45
8

249
157
106
55

Av. Length Life Cycle

13.9 days
14.3 "
11.9 ••
9.9 ••
9,8 u

15.2 ••
17.6 "
27.8 "

FIRST ApPEARANCEIN SPRING-Inasmuch as the first parasitized
chinch bug eggs were found on April 28, it is certain that the parasites
were out before this date. The first chinch bug eggs were found in
the field on April 24. "

LASTApPEARANCEIN FALL-The last parasite observed in the field
this fall was on October 14. A"parasite was bred out from a clump
of crab grass that had been brought into a warm room on November
6, but the probability is that it was hibernating as a pupa in a chinch
bug egg.

NUMBEROF GENERATIONs-The exact number of generations has
not been worked out, but there are about nine or ten. From May 19
to July 5 there was obtained four generations of adults in the life
history work. At this time the chinch bug eggs became very scarce,
as it was the interval between broods, and thus it was not possible
to carryon the life history again until July 23. From then on until
October there was obtained four more generations. The interval
during which the life history work was forced to be dropped was about
two weeks, or almost the length of the life cycle, so that it would appear
that there might easily be nine generations a year.

DISTRIBUTION

This parasite was first discovered during the spring in chinch bug
eggs collected in a wheat field near Manhattan. During the summer
it was found in every grain field around Manhattan, and, in fact,
every place where chinch bug eggs were found. In August a hasty
survey of the state was made, and parasites were found in the following
counties: Ellis, Ford, Kiowa, Ellsworth, Kingman, McPherson, Har-
vey, Sumner, Cowley, Riley, Pottawatomie, Montgomery, Allen,

5
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Atchison, Leavenworth and Cherokee. In fact, parasites were found
wherever material was collected, and the area given includes practi-
cally all of the chinch bug infested region in the State.

PERCENTAGE OF PARASITISM IN DIFFERENT LOCALITIES

The average percentage of parasitism of chinch bug eggs collected
from various parts of the State outside of Manhattan was 16 per cent.
Table IV shows the record of the'collection of eggs and the per cent of
parasitism.

TABLE IV.-8HOWING PERCENTAGE OF PARASITISM IN VARIOUS PARTS OF THE STATE'
- --- -- - ------.'-.----.-------. -----.- ..------- -'.--------------.-------- --- ---~._--_._-----_._----------------

Place Collected

Crawford ..•.... , , :
Pottawatomie Co..........•......... '1
Dodge City .
Effingbam .
Winfield .•.•...•................. , .
Columbus. " .. , •....................
lola .................•..........
Independence .' .
Hay!! •.•..• , ...•.•••.•.• , .• •.....
Newton .•.................... , .
McPherson. . . . . . . .. .
Conway Springs •.•...................
Kingman .
Greensburg •..••.............. , .

Date No. of Eggs Collected I Per cent ParllSiti.ed

May 27 116 16.3
Aug. 5 55 30.9

16 85 18.8
18 130 15.4
19 211 24.1
19 72 12.5
20 79 15.2
21 59 15.2
23 17 17.6
25 47 14.9
27 14 14.3

Sept. 3 178 3.9
4 111 7.2
5 5 20.
------ .~-- ------ -- --"._- ---,-

At Manhattan the average percentage of parasitism for the summer
was 32.1 per cent. The greatest number of parasitized eggs .were
found in the corn field both on the corn plants, and in the crab grass.

TABLE V.-8nOWING PERCENTAGE OF PARASITISM OF CHINCH BUG EGGS AT MANHATTAN. 1911t
------- -----_.~~-- -'--- - - -------------.-----.--------.'.-.--'------------ --

Montb

April. .
May , , , , ...............•..
June, •. , , •.......... , .
July .
August .
September .

Total No. Chinch Bug Eggs

309
2232
572
96

570
232

Per cent. of Eggs Parasitised

33.8
19.
22.9
40.5
38.
38.7

Chinch bug eggs are often laid in bunches of two or more, and it is
interesting to note that the percentage of parasitism is very high in
such cases, ranging from 75 to 100 per cent.

EFFICIENCy-The average percentage of parasitism over the state
of 16 per cent does not represent the actual number of chinch bug

I This percentage of parasitism over the state is much lower than that at Man-
hattan, because it is based on only one collection of material and this material was
often collected at a time when chinch bug eggs were scarce in the fields.
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eggs destroyed. The period of oviposition of the chinch bug covers
about two months, while the life cycle of the parasite covers a period
of only two or three weeks. Thus the eggs of a single female chinch
bug are exposed to about three broods of parasites, while the eggs of
one brood of chinch bugs are exposed to four or five broods of parasites.
Therefore, the percentage of parasitism for a brood of chinch bugs is
at least 50 per cent. Experiments conducted in the field and in the
laboratory show this to be true.

PRESIDENTP. J. PARROTT: The next paper on the program is
entitled "Parasites of the San Jose Scale in New York-Species and
Distribution," by H. E. Hodgkiss and P. J. Parrott.

THE PARASITES OF THE SAN Jost SCALE IN NEW YORK
By H. E. HODGKISS and P. J. PARROTT

(Abstract)

Parasites of the San Jose Scale were numerous during 1913 in New
York. To determine the range and species of these insects, infested
wood was collected from unsprayed trees in the more important fruit
districts of the State. This was obtained from twenty towns repre-
senting thirteen counties. From the material we reared. the following
species,-Prospaltella pernicios'i Tower, Aphelinusjuscipennis Howard,
Aphelinus diaspidis Howard, Signiphora nigrita Ashmead, and Peris-
sopterus pulchellus Howard. The last two species mentioned appear
to be of comparative unimportance. Taking the state as a whole our
breeding records for September and October 1913, indicate that
perniciosi was probably the most numerous species during that period.
Diaspidis was numerically greater in two counties while juscipennis
ranked first in three counties. It should also be recorded that a count
of nearly 800 parasites collected at random showed that about one-
half· of the specimens were pemiciosi, one-third were diaspidis while
the remainder were juscipennis.

Considerable interest has lately centered on the efficiency of para-
sites to hold the scale in check. To determine the ratio of parasitism
numerical counts were made of the scales after the rearings of the
parasites were completed. Some twenty thousand individuals were
examined of which about thirty-five hundred contained exit holes of
the hymenopterons. The percentage of scales affected was variable
and on the average ranged between 12 per cent and 24 per cent for
the entire state. Locally the range was greater and ~he tabulations
based on wood collected at Geneva showed a difference of from 0 to
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